Abstract-The hydrophobicity, chemical composition and microstructure of locust wing are investigated by a videobased contact angle (CA) meter, a Fourier transform infrared spectrometer (FT-IR) and a scanning electron microscope (S EM). A micro-morphological model for hydrophobicity of wing surface is established on the basis of Cassie equation. The wetting mechanism is discussed from the perspective of biological coupling. The results show that the locust wing is covered with a waxy layer composed mainly of long chain hydrocarbon, tallate and fatty-acid alcohol. The wing surface displays multipledimensional microstructures including primary structure (wing vein grids), secondary structure (regularly arraying micrometric pillar gibbosities), and tertiary structure (nano corrugations). The diameter, height, and spacing of pillar gibbosity are 3.6~9.5 μm, 4.1~8.6 μm, and 7.2~14.3 μm, respectively. Locust wing surface is a natural biosurface with superhydrophobicity (water contact angle 151.3~158.6°). The superhydrophobic property of locust wing surface ascribes to cooperative effect of hydrophobic material and hierarchical rough microstructure. Locust wing can be potentially used as a biomimetic template for design of special functional surface. This work may bring interesting insights for preparation of micro-controllable superhydrophobic surface.
I. INTRODUCTION
The inter facial material with special properties and functions is attracting more and more attention due to valuable theoretical importance and application potential in industrial and domestic fields [1] . After millions of years of natural selection, many animals and plants have evolved distinctive body surfaces which are hydrophobic, self-cleaning, anti-adhesive, anti-corrosive, anti-icing, drag reducing, self-healing, fatigue resistant, and antiwearing [2] [3] [4] . Insect is the unique flying invertebrate, whose wing surface is one of the most complicated three-dimensional periodical substrates in nature [5] . Insect wing has become a bio mimetic fabrication template because of its excellent characteristics such as attractive iridescence, superhydrophobic performance, and quick heat dissipation ability. Locust is a typical flying insect. Some works have been done on microstructure and wettability of insect wing surface [6] [7] [8] [9] , in this work, the chemical composition, microstructure and hydrophobicity of locust wing surface are investigated. Also, a micro-morphological model is established for hydrophobicity of locust wing surface on the basis of Cassie equation, and discussed the wetting mechanism fro m the perspective of biological coupling. The results may bring interesting insights into biomimetic design of micro-controllable superhydrophobic surface and fabrication of novel selfcleaning material.
II. MATERIALS AND METHODS

A. Materials
Locust specimens of five species (Celes skalo zubovi, Calliptamus abbreviatus, Acrida chinensis, Haplotropis brunneriana, Chorthippus hammarstroemi) were collected in Changchun City, Jilin Province, China fro m August to September 2014. The fore and hind wings were cleaned, desiccated and flattened, then cut into pieces with the size of 5 mm × 5 mm. The distilled water for measurements of CA is purchased from Tianjin Pharmaceuticals Group Co. Ltd., China. The volu me of water droplets is 5 μl.
B. Methods
After gold coating by an ion sputter coater (Hitachi E-1045, Japan), the wing pieces were observed and photographed by a SEM (Hitachi SU8010, Japan). A video-based CA measuring system (DataPhysics OCA20, Germany) is used to measure the CA of water droplet on the wing surface by sessile drop method at ambient temperature of (25± 1) ℃. The relative humidity in the experimental chamber is maintained at about 80% so as to avoid evaporation and volume contraction of water droplet. The chemical co mposition of the wing surface is analyzed by means of FT-IR (Nicolet FT-IR200, USA). In the light of Cassie equation, a micro-morphological model for hydrophobicity on locust wing surface is established. Using SPSS 19.0 software, a nonlinear goodness-of-fit test between measured CAs and predicted CAs is carried out. Taking predicted CAs as independent variable y*, measured CAs as dependent variable y, the degree of fitting is judged as follows:
Q=∑(y-y*)2 RNew=1-(Q/∑y2)1/ 2 where Q is sum of square of deviations, RNew is the coefficient of determination in nonlinear regression equation.
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III. RESULTS AND DISCUSSION
A. Chemical composition of the wing surface
All the wings tested show extremely h igh similarity in the FT-IR spectra. For h ind wings, the absorption peaks are at 3281, 2912, 2848, 1632, 1535, 1451, 1233, 1154, and 1069 cm-1 (Fig. 1) . The absorption band at 3281 cm-1 results from stretching vibration of O-H, N-H bases in alcohols, phenols, or carboxylic acid. The absorption bands at 2912, 2848 cm-1 result fro m stretching vibration of C-H base in protein, fat, or chitin. The absorption bands at 1632, 1535, 1451 cm-1 reveal benzene rings in locust wing. The absorption bands at 1233, 1154, 1069 cm-1 arise from stretching vibration of C-O base in functional groups such as acid anhydride, acyl chloride, ester, aldehyde, ketone, carboxy lic acid, acid amides. The results indicate locust wing is covered with a waxy layer co mposed mainly of long chain hydrocarbon, tallate and fatty-acid alcohol. Such a waxy layer, with an intrinsic CA of approximately 105° [9] , is the material coupling element for superhydrophobicity of locust wing surface. 
B. Micro-morphology of the wing surface
The five locust species have highly similar micromorphology of wing surface. The wing veins are very clear as grids, constituting the primary microstructure of wing surface [ Fig. 2(a) ]. The micro metric p illar gibbosities with uniform size distribute regularly and densely in the vein grids, constituting the secondary microstructure of wing surface [ Fig. 2(b), 2(c) ]. The diameter of g ibbosity is 3.6~9.5 μm, the height is 4.1~8.6 μm, the space is 7.2~14.3 μm (Table 1) . The numerous nano corrugations between pillar gibbosities constitute the tertiary microstructure of wing surface [ Fig. 2(c) ]. 
C. Superhydrophobicity of the wing surface
All the CAs of water droplet on the wing surface of the five locust species are over 150°. The CAs of water droplet on fore wing and hind wing are 151.3~156.4° and 154.2~158.6°, respectively ( Table 2) , showing that locust wing surface is a natural bio-surface with superhydrophobicity. For the same locust species, hind wing's CA is larger than fore wing's CA, there is significant difference between them (p<0.05). This accords with the functional differentiation of fore wing and hind wing in the process of co-evolution between locust and environment. The fore wing, which is narrow, tough and tensile, mainly takes charge of protection; while the hind wing, which is broad and soft, mainly taking charge of flying. The hind wing requires higher hydrophobicity and self-cleaning performance to reduce flying drag, lighten body burden, and improve movement efficiency. The diameter of a water droplet is about 2.1 mm, far outweighing the spacing (7.2~14.3 μm) of p illar gibbosity. The droplet can neither enter totally the grooves between gibbosities, nor contact fully with the wing surface. A gas film exists stably between droplet and wing surface. A composite contact occurs, exh ibiting a larger CA. Owing to the chemical composition (waxy layer), locust wing surface can achieve hydrophobicity (CA 105°) [9] . The superhydrophobicity (water CA over 150°) results from the coupling of naturally hydrophobic material and multiple-dimensional rough microstructure. The parameters r, h, and d represent radius, height, and spacing of pillar gibbosity, respectively. Thus,
θc is determined by r and d, has nothing to do with h. This is because the droplet does not fill up the rough microstructure completely in a co mposite contact. As the h is bigger, the droplet is more difficult to enter the groove; conversely, in the case of smaller h and larger d, the droplet is easier to transit from "Cassie state" with higher energy to "Wenzel state" with lower energy [10] .
The main co mponent of locust wing surface is waxy crystal with an intrinsic CA (θe) of 105° [9] . The values of r and d can be obtained from the micro-morphological parameters on the wing surface (Table 1) . s  can be calculated and substituted into Equation (2), then the predicted CA (θc) can be calculated (Table 2) . According to the result of nonlinear goodness -of-fit test between the predicted CAs and the measured CAs, the RNew values (coefficients of determination) are 0.948~0.975 for fore wing, 0.942~0.971 for hind wing (Table 3 ). There is no significant difference between the measured CAs and the predicted CAs. The degree of fitting is fine. The micro-mo rphological model for hydrophobicity is in good accord with Cassie equation. IV. CONCLUSIONS Locust wing surface is a waxy layer co mposed mainly of long chain hydrocarbon, tallate and fatty-acid alcohol. The wing surface possesses multipledimensional rough microstructures. Wing vein grids comprise the primary microstructure. The micro metric pillar gibbosities arraying regularly in the grids comprise the secondary microstructure. The numerous nano corrugations comprise the tertiary microstructure. A composite contact occurs between droplet and locust wing. Locust wing is a natural bio-surface with superhydrophobicity (water CA 151.3~158.6°). The micro-morphological model for hydrophobicity of locust wing surface established is in good accord with Cassie equation. The degree of fitting between predicted CAs and measured CAs is fine. The superhydrophobic property of locust wing surface is attributed to cooperate the effect of material coupling element (waxy crystal) and structure coupling element (hierarchical rough microstructure). Locust wing can be potentially used as a biomimetic template for design of functional surface with special wettability. This work pro motes the understanding of superhydrophobicity on bio-surfaces, and may bring interesting insights for preparation of micro-controllable superhydrophobic surface.
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